The aim of this study was to investigate the effects of Citrus aurantium extract on sperm characteristics, spermatogenic cell density, antioxidant activity and testosterone level of male mice. Twenty-eight adult male Balb/C mice were divided into four groups; each having seven mice. Two milliliter distilled water, C. aurantium extract with low concentration (0.01 mg/kg), medium concentration (0.02 mg/kg) and high concentration (0.04 mg/kg) was given daily for seven weeks by gavage to mice in the experimental groups, respectively. Body and reproductive organ weights, spermatogenic cell density, levels of antioxidants, testosterone and lipid peroxidation antioxidant enzyme activities were investigated. All analyses were done only once at the end of a seven-week study period. Data were compared by analysis of variance (ANOVA) and the degree of significance was set at P < 0.05. A significant decrease in malondialdehyde (MDA) level and significant increases in glutathione (GSH), glutathione peroxidase (GSH-Px) and catalase (CAT) activities were observed in mice treated with C. aurantium. C. aurantium extract provided an increase in sperm concentration, spermatogenic cell density when compared to the control group. Compared to the control group, significant decrease in sperm motility and testosterone level were also observed in experimental groups.
INTRODUCTION
Citrus aurantium is also known as Seville orange, sour orange or bitter orange, because it tastes bitter and is orange. This orange tree is big, evergreen and its height is about 5 m with white flowers that first was found in Asia, but nowadays is cultivated in many areas of the world including Mediterranean regions. C. aurantium is not popularly eaten, but the ripe fruit is eaten in Iran (Fugh-Berman and Myers, 2004) and Mexico (Facciola, 1998) .
C. aurantium contains around 0.2 to 0.5% essential oil, which can be distilled from the unripe; green fruit and its peel. Limonoids, flavonoids and monoterpenes are some compounds included in the oils. The peel contains the alkaloid synephrine and carotene pigments. Though, in very small natural amounts, synephrine is also found primarily in the adrenal glands of humans.
Neroli, which is the essential oil from the flowers, is used in perfumes and also as flavoring for sweets (FughBerman and Myers, 2004) . The hydrolate of its flowers has been used for the treatment of mild depression and sedation in traditional medicine (Zargari, 1986; Aynehchi, 1991) . In Chinese folk medicine, the peel of this immature bitter orange has been used for relief of indigestion, constipation, dysenteric diarrhea and abdominal pain. It is also believed to have similar biological activity and may provide suppress appetite, an energy boost, and increase metabolic rate and caloric expenditure (Hansen et al., 2011; Jyotsna, 2011) .
Treatment of digestive problems is one of the most common uses of C. aurantium (Bisset and Wichtl, 1994) .
It has been reported that the smell of C. aurantium is useful in lessening of stress and is also especially functional for cases of moderate depression (Mantel, 2002) . Reactive oxygen species (ROS) are molecules that are highly disruptive to cellular function, in general, and have free radicals. ROS are produced in the testis as a usual physiological event; the modifications of the synthesis of ROS motivate the oxidation and DNA damage of cells (Sikka, 1996) . The sperm plasma membrane has polyunsaturated fatty acids, which are sensitive to peroxidative damage. The lipid peroxidation demolishes the formation of the lipid in the membranes of spermatozoa, hence, reduces the sperm's motility and results in defects to membrane integrity (de Lamirande et al., 1997; Sanocka and Kurpisz, 2004; Henkel, 2005) .
Antioxidants are compounds that help to control ROS and lipid peroxidation. Glutathione (GSH), glutathione peroxidase (GSH-Px), catalase (CAT) and superoxidedismutase (SOD) are some of the famous biological antioxidants (Sikka, 1996; Varnet et al., 2004) . Arbo et al. (2009) reported the antiestrogenic potential of C. aurantium. Hence, it can inevitably be linked with fertility in female animals. However, no study has so far reported either any positive or negative effects of C. aurantium or its extract on male fertility. The present study is carried out in an attempt to surveying the effects of C. aurantium extract, a potent antioxidant, on male fertility. Defferental sperm characteristics, spermatogenic cell density, antioxidant enzyme activity as well as level of testosterone and lipid peroxidation in mice given C. aurantium extract orally for seven weeks were examined.
MATERIALS AND METHODS

C. aurantium extract and chemicals
The dried peel flower of the plant was obtained from local market in Fars province (Southern region of Iran) in June 2010. The plant was powdered and stored in air-tightened, light protected containers. Powdered plant material (200 g) was mixed with 500 ml ethanol and was refluxed for 2 days followed by filtration through filter paper. The filtrate was evaporated to dryness under reduced pressure and weighed. The other chemicals were purchased from Merck chemical company.
Animals and experimental design
Twenty-eight healthy adult male Balb/C mice (eight weeks old) were included in the present study. We housed all the mice in standard shoebox cages. The mice had free access to maintenance food and water. Animals were maintained under standard laboratory conditions on a 12 h light/dark cycle in a temperature-controlled room at 21± 3°C.
The mice were divided into 4 groups at random; each group containing seven mice. Only 2 ml distilled water was supplied to mice in the first group as the control group. The second group of mice received 0.01 mg/kg C. aurantium extract and were named Khakpour et al. 481 low dose C. aurantium. The third group of mice received 0.02 mg/kg C. aurantium extract, and were named middle dose C. aurantium. 0.04 mg/kg C. aurantium extract was given to the mice in the fourth group, and they were named high dose C. aurantium. Distilled water and C. aurantium extract were given by gavage daily for the period of seven weeks.
Sample collection
For the biochemical and hormonal analyses, plasma samples were prepared as described by Turk et al. (2007) . Testes and ductus deferens were removed, cleared of stick to connective tissue and weighed. Testis tissues were fixed in Bouin's solution for later histological examinations.
Evaluation of sperm parameters
The sperm cells were prepared from ductus deferens and counted with the help of a light microscope at 400× magnification as described by Turk et al. (2007) and Sonmez et al. (2007) . The percentage of forward progressive sperm motility and the percentage of morphologically abnormal spermatozoa were both evaluated as described by Sonmez et al (2005) . Three hundred sperm cells were examined on each slide (2100 cells in each group), and the total abnormality rates of spermatozoa were expressed as a percentage .
Biochemical studies
The plasma and sperm lipid peroxidation levels, the reduced glutathione (GSH) components in plasma and sperm samples, the plasma and sperm catalase (CAT) activity, and the plasma testosterone level were all measured as described by Turk et al. (2007) .
Histological examination
To discover the changes in spermatogenic cell density, testis tissues were fixed in Bouin's solution for two days, then were dehydrated through graded concentrations of ethanol, driven in paraffin wax, sectioned at 5 µm thicknesses and stained with Mayer's Hematoxylin and Eosin Staining Protocol (H&E) (Figure 4 ).
Data analysis
Data are presented as mean ± standard error of means (SEM). The degree of significance was set at P < 0.05. The changes in body weights were analyzed by two-way analysis of variance for repeated measures in the general linear model (GLM) procedure. One-way analysis of variance (ANOVA) and post hoc Tukey-highest significant difference (HSD) test were used to determine the differences among the groups in terms of all the sperm characteristics, biochemical parameters and histological findings. All the analyses were carried out using the SPSS/PC (version 10.0; SPSS, Chicago, IL) software package program.
RESULTS
Body and reproductive organ weights
None of the doses had statistically significant effect on body weights of the mice during seven weeks when compared to the control group. The weights of testes of mice, treated with different doses of extract were numerically higher than those of the control group and the differences between the groups were statistically significant (P < 0.05) (Figure 1) .
Plasma lipid peroxidation level and antioxidant enzyme activities
The MDA and GSH levels, GSH-Px and CAT activities of all the groups are presented in Table 1 . All the doses of C. aurantium extract caused significant decreases in plasma MDA levels (P < 0.01) and all of them increased GSH level significantly in comparison to the control group (P < 0.01).
Comparing to the control group, high dose of C.
aurantium extract caused significant increases in plasma GSH-Px (P < 0.05). All doses of C. aurantium extract increased plasma CAT activities significantly when compared to the control group (P < 0.01). However, increases observed in plasma CAT activities of high dose C. aurantium extract group was statistically significant when compared to the control and the other groups (P < 0.01) ( Table 1) . All the values are expressed as mean ± SEM, (n = 7), *P < 0.05, **P <0.01. 
Differential sperm characteristics
The effects of different doses of C. aurantium extract on defferental sperm concentration, sperm motility and sperm viability are presented in Figure 2 . While both low and middle dose of C. aurantium extract significantly increased the sperm concentration (P < 0.05), when compared to the control group, no significant changes were observed in the high dose C. aurantium extract group. Furthermore, sperm concentration of mice in middle dose C. aurantium extract group was also significantly higher than those in the high dose C. aurantium extract group (P < 0.05).
Both low and middle dose C. aurantium extracts provided significant decreases in sperm motility (P < 0.01) and with low dose C. aurantium extract, significant decreases were observed in sperm viability when compared to the control group (P < 0.05). However, both the decrease in sperm motility (P < 0.01) and approximately no change in total sperm viability of mice in high and middle dose C. aurantium extract groups were not statistically significant in comparison to the control group.
Spermatogenic cell density
It was observed that all the doses of C. aurantium extract provided marked increases in all the spermatogenic cells ranging from spermatogonia, spermatocytes and spermatozoa compared to the control group (P < 0.05) (Figure 3 ).
Plasma testosterone level
Testosterone level decreased significantly in mice that received C. aurantium extract dose dependently as compared to the control group (P < 0.01) ( Figure 5 ).
DISCUSSION
To our knowledge, this is the first study demonstrating that daily consumption of C. aurantium extract for seven weeks caused increased spermatogenic cell density, increased defferental sperm concentration, decreased sperm motility and viability related with decreased lipid peroxidation in male mice.
The most active components in C. aurantium fruit are synephrine (also called p-synepherine or oxedrine) and octopamine. The peel also contains flavonoids, including limonene, hesperidin, neohesperidin, naringin and tangaretin. Furanocoumarins are also present (Haung et al., 1995) .
C. aurantium extract is one of the richest herbal sources of antioxidant vitamins, such as C, E and β-Carotene (Tribble, 1999) . A well-known concept is that insufficient vitamins intake can cause deleterious effects on spermatogenesis and production of normal sperm. On the other side, sufficient consumption of vitamins and natural antioxidants can protect sperm DNA from oxidative stress and hence it improves male fertility (Hala and Wahba, 2011) . According to the recent studies, flavonoids have essential pharmacologic effects, such as preventing oxidation of lipoproteins with low molecular weight (LDL) (Mahmoodi et al., 2005) . C. aurantium is rich in vitamin C and flavonoids and is well-known as a fruit with clinical effects (Haung et al., 1995) .
The antioxidant and free radical scavenging activity of phenolic compounds derived from C. aurantium and vitamin C have already been reported. In this study, the reproductive organ weights were increased and testosterone level decreased significantly when compared to the control group.
Metabolism of many compounds by cells causes an increase in the levels of the electrophilic radicals that can react with oxygen causing an increase in ROS. Some of the main sources of free radicals are hydrogen peroxide (H 2 O 2 ), singlet-oxygen ( 1 O 2 ), hydroxyl radical (*OH) or peroxynitrite. In many cells and in the spermatozoa, although, ROS are naturally produced in several major metabolic processes, the formation of toxic lipid peroxides can be induced by extreme production of ROS either by spermatozoa themselves (Aitken and Clarkson, 1987; de Lamirande et al., 1997) . Accumulation of ROS triggers a defensive mechanism within the cells to use different antioxidant enzymes. CAT and GSH are two major detoxifying systems for peroxides. Activity of CAT destroys H 2 O 2 that can form a highly reactive OH* in the presence of iron as a catalyst. Excess H 2 O 2 and lipid peroxides are removed by the participation of GSH together with GSH-Px in the glutathione redox cycle (Sikka, 1996; Calvin et al., 1981; Sanocka and Kurpisz, 2004) . Phenolic compounds derived from C. aurantium, vitamins C, E, melatonin , have been used as antioxidant agents. In this study, a significant decrease in MDA level, by-product of lipid peroxidation and marked increases in GSH, GSH-Px and CAT activities of plasma samples of mice that received different doses of C. aurantium extract were observed.
The findings show that C. aurantium extract has a potent anti-oxidative effect.
As mentioned, ROS are highly reactive and can react with many intracellular molecules, chiefly unsaturated fatty acids (phospholipids, glycolipids, glycerides and sterols) and transmembrane proteins with oxidizable amino acids. The oxidation of the mentioned molecules increases the cellular membrane penetrability. The unsaturated bonds of the membrane lipids in an auto-catalytic process can be attacked by ROS resulting in genesis of peroxides, alcohol and lipidic aldehydes as by-products. Therefore, oxidative breakdown of polyunsaturated fatty acids in cells membrane can be induced by the increase of free radicals in cells (de Lamirande et All the values are expressed as mean ± SEM, (n = 7), *P < 0.05, **P <0.01. Henkel, 2005) . Spermatozoa are particularly vulnerable to peroxidative damage as a result of the high concentration of polyunsaturated fatty acids that are involved in regulation of sperm maturation, spermatogenesis, capacitation, acrosome reaction and eventually in membrane fusion, and low antioxidant capacity.
Obviously, the structure of the lipid matrix in the membranes of spermatozoa is destroyed by peroxidation of sperm lipids, and is connected with the fast loss of intracellular ATP. This in turn results in axonemal damage, decreased sperm viability and increased midpiece morphological defects, and even can completely inhibits spermatogenesis in severe cases (Sikka, 1996; Sanocka and Kurpisz, 2004; Varnet et al., 2004) . In the present study, it was observed that defferental sperm concentration of mice that received different doses of C. aurantium extract was significantly higher and the sperm motility was significantly lower when compared with the control group. It seems that C. aurantium extract has directly affected the spermatogenic cells. The study has also shown that the number of spermatogony cells and primary spermatocytes increased significantly in the experimental groups in comparison to the control group.
Conclusion
The increase in spermatogenic cell density was due to increased antioxidant capacity that protected spermatozoa against peroxidative damage in healthy mice, but the sperm quality and the level of testosterone decreased significantly. Hence, it can be said that the consumption of C. aurantium is not recommended for a long period of time and it seems that there is a negative relation between C. aurantium consumption and sperm parameters.
